Objective: The aim of this randomized controlled study was to evaluate the efficacy of oral native type II collagen treatment on the symptoms and biological markers of cartilage degradation, when given concomitantly with acetaminophen in patients with knee osteoarthritis.
Introduction
Osteoarthritis (OA) is one of the most common joint diseases and is a significant cause of disability [1] . Degenerative changes are observed in both articular cartilage and subchondral bone. In cartilage, the imbalance between synthesis and degradation leads to cartilage destruction [2] . Many researches focus on the underlying mechanisms of cartilage destruction and thereby numerous pharmaceutical and nutraceutical agents have been developed with the aim to delay the progression of structural changes in OA cartilage [3] .
The main structural component of the cartilage tissue is collagen type 2. Degradation products of this protein in urine correlate with the progression of articular damage in osteoarthritis [4] . Native type II collagen is a nutraceutical ingredient derived from chicken sternum cartilage. Orally taken native type II collagen antigens interact with Peyer's patches in the gut associated lymphoid tissue, resulting in turning off the T-cell attack to the structural protein collagen type 2 in the cartilage. This desensitization process in Peyer's patch, also known as oral tolerance, avoids the recognition of endogenous collagen type 2 in the cartilage as antigen by the immune system [5, 6] . Considering this mechanism of action, native type II collagen may have positive effects on inflammation and degradation in joint diseases.
Previous studies have shown that native type II collagen has positive effects in the treatment of early rheumatoid arthritis [7] [8] [9] . A few studies have evaluated the efficacy of native type II collagen in osteoarthritis. In animal trials, it has been found effective in reducing arthritic pain [10] [11] [12] . In human trials, native type II collagen has been found effective in increasing functional status and reducing pain [13, 14] . In addition to symptomatic effects, the study of Scarpellini et al. [14] showed a reduction of the urinary levels of C-terminal telopeptide of type 2 collagen (CTX-2) which is related with the cartilage degeneration in osteoarthritis.
Considering its symptomatic and structural effect on the cartilage, native type II collagen is thought to be a potential oral alternative for osteoarthritis treatment. The aim of this study was to evaluate the symptomatic efficacy of native type II collagen on joint pain and function, and its effects on urinary biological markers related to cartilage degeneration, in patients with knee osteoarthritis.
Materials and Methods

Patients
Patients aged between 45-70 years with the diagnosis of primary knee OA according to the American College of Rheumatology (ACR) criteria, Kellgren Lawrence radiological stage II or III and knee pain were included in the study. Exclusion criteria included intraarticular injections or physical therapy within the last year, a previous lower extremity surgery, oral treatment with glucosamine and/or chondroitin or other natural health products within the last month, synovitis and effusion in the knee, serious concomitant systemic diseases, peripheral or central neurological disorder, hypersensitivity to acetaminophen or severe cardiac, renal, hepatic or hematologic disease. The study was conducted at a single centre (Eskisehir Osmangazi University, Department of Physical Medicine and Rehabilitation, Eskisehir, Turkey), in full compliance with the amended Declaration of Helsinki, after obtaining approval from the institutional review board of Eskisehir Osmangazi University (date/no: 25-05-12/03). Informed consent was obtained from all patients prior to inclusion.
After a detailed anamnesis and physical examination, complete blood count (CBC), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) and rheumatoid factor (RF) levels were measured and the tests of liver and kidney functions were performed in all patients included in the study. In addition, conventional standing anteroposterior (AP) and lateral knee radiographies were taken.
Study Design
The present study was designed as a randomized, singleblind (outcome assessors were blinded to the treatment allocation) and controlled clinical study with a three month follow-up period. Patients, who met inclusion/exclusion criteria, were selected from Outpatient Clinic between 2012 and 2013. Patients were randomly assigned to one of the two treatment groups using a computer generated random number list. All of the patients were assessed immediately at the beginning and at the end of the treatment.
Treatment Protocol
The AC group of patients (n=19) received 1500 mg/day of acetaminophen and the AC+CII group (n=20) received 1500 mg/day acetaminophen and 10 mg/day of native type II collagen (Bioiberica S.A., Spain) treatment for 3 months. No exercise program was given to patients. All patients were given information about not to force their knees while working or during other activities. During the study, patients' compliance to the treatment program was assessed by weekly phone calls.
Clinical and Biochemical Assessment
A blind physician unaware of the treatment allocation performed the clinical assessments at baseline, at the end of the treatment. The primary outcome measure of the study was the change from baseline in pain at rest and during walking, assessed from 0 (no pain) to 10 (worst possible pain) on a Visual Analogue Scale score (VAS) [15] . The secondary outcome measures were Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) [16], 20-m walking time and Short Form-36 (SF-36) [17] . Coll2-1, Coll2-1NO2 and Fibulin-3 levels were quantified in urine. 20-m walking time was assessed with all patients walking on the same straight ground, and using the same standard words and the same chronometer. The WOMAC score consists of 24 items divided into 3 subscales: pain, stiffness and physical function. Global score has a range of 0 (no symptom) to 96 (worst symptoms), with standardized score to have a range of 0 to 100. With 36 items, the generic SF-36 questionnaire calculates 8 multi-item scales-physical functioning, physical role, emotional role, vitality, mental health, social role functioning, bodily pain, general health. Each scale ranges from 0 ("extreme symptoms/poor health") to 100 ("no symptoms/perfect health").
A sample of 6-7 mL of urine was taken twice from all patients, before and after the treatment period. After centrifugation of the urine, samples were collected and stored at -80°. Coll2-1 (it is obtained from triple helical structure of collagen type 2), Coll2-1NO2 (it is the nitrated form of Coll2-1) and Fibulin-3 (extracellular matrix protein) levels were determined in urine samples using a commercially available Enzyme-Linked Immuno Sorbent Assay (ELISA) kit (Artialis S.A., Liège, Belgium). Absorbance of the samples was read at 450 nm and the results were expressed as pM.
Statistical analysis
All data analyses were performed using Statistical Packages for the Social Sciences 21.0 (IBM SPSS Statistics; Armonk NY, USA) and SigmaStat 3.1. The descriptive data were represented with n (sample size), mean and standard deviation for continuous variables and, n (sample size), median and 25 th and 75 th percentiles for categorical variables. Normally distributed continuous measurements were compared across the groups by using t test. Score variables were compared between the groups with Mann-Whitney U test. Repeated measures analyses were performed with Repeated Measures ANOVA, based on one or more factors, evaluating the variables at different times of the units. Chi-square analyses were used for categorical variables. P value less than 0.05 (p<0.05) was considered significant.
Results
At the beginning of the study, "the only acetaminophen: AC" and "acetaminophen + native type II collagen combination group: AC+CII" groups consisted of 19 and 20 patients, respectively. Demographical characteristics of the patients did not differ significantly between the two groups ( Table 1) .
At baseline, there were no differences between the groups in clinical parameters, biochemical analysis and quality of life, except for VAS walking (p=0.014) and SF-36-Emotional Role (p=0.027) (Tables 2, 3 ). After 3 months of treatment, the patients of the AC+CII group reported significant improvements compared to baseline in pain, function and quality of life and as measured by VAS walking (p<0.001), WOMAC pain (p=0.003), WOMAC total (p=0.004), WOMAC physical functioning (p=0.016) and subscales of SF36 such as physical functioning (p=0.039), physical role (p=0.023), emotional role (p=0.048) and bodily pain (p=0.016). However in the AC group, only improvements in the quality of life survey were recorded within the subscales of SF36, physical functioning (p=0.002), emotional role (p=0.008), physical role (p=0.016), social role functioning (p=0.031) and VAS walking (p=0.024).
Comparisons between the groups revealed a significant difference in VAS walking score in favour of the AC+CII group as compared to AC group (p=0.002). A 50% reduction was registered in the AC+CII group. Biochemical markers of cartilage degradation in urine did not significantly improve in any of the groups (p>0.05) ( Table 4) .
Discussion
This randomized, single-blind, controlled trial was conducted to evaluate the effect of native type II collagen on knee OA when used concomitantly with acetaminophen. All in all, the addition of native type II collagen to a standard therapy with acetaminophen resulted in a clear benefit in terms of clinical improvement.
The aim of the OA treatment is to decrease the pain severity and functional limitation, as well as to slow the progression of the cartilage damage. Native type II collagen has been found to be effective in reducing arthritic pain in animal models [10] [11] [12] as well as in improving clinical outcomes in patients with rheumatoid arthritis [7] [8] [9] . However, few studies have evaluated the efficacy of native type II collagen in osteoarthritis [13, 14] . Crowley et al. [13] evaluated the effectiveness of native type II collagen as compared to glucosamine and chondroitin in patients with knee OA. Treatment with native type II colla- Data presented as mean ± SD Group AC: Group Acetaminophen; Group AC + CII: Group Acetaminophen + Native Type II Collagen; BMI: body mass index gen (40 mg/d) was found to be more effective in reducing the WOMAC and VAS scores than glucosamine and chondroitin. Scarpellini et al. [14] , compared the combination of glucosamine + chondroitin sulphate with or without native type II collagen (2 mg/day) in patients with OA of the knee, hand or hip. After 6 months and 1 year of treatment, clinical improvements were found in both groups, but differences between groups failed to reach statistical significance. In the present study, the addition of native type II collagen to a standard analgesic therapy resulted in significant improvement in joint pain (VAS walking scores), WOMAC scores (pain, physical function, total) and Short Form-36 (physical functioning, physical role, emotional role and bodily pain) as compared to baseline.
However, intergroup comparisons only detected significant differences in pain during walking. The absence of differences in other clinical outputs could be attributed to the reduced sample size (n=39) and/or to the period of study (90 days).
Pain in walking is a common patient complaint in osteoarthritis that leads to loss of function and loss of daily living activities. To increase the functional status, walking pain should be reduced. Considering the effects of native type II collagen in walking pain, it may be an option in osteoarthritis to improve daily living activities.
Our study is different from other studies with dosage, mode of administration and combined agent. To our knowledge, this is the first study evaluating the efficacy of acetaminophen combined with native type II collagen. Acetaminophen is the first step in the treatment of osteoarthritis, and is known to be effective for the treatment of the symptoms of OA. Our results have showed that concomitant use of the native type II collagen improves its efficacy for the treatment of OA.
In the present study, urinary Coll2-1, Coll2-1NO2 and fibulin-3 levels were measured in order to assess the chondroprotective effects of native type II collagen. Collagen type 2 is the main component of the cartilage. Recent studies have demonstrated that urinary excretion of Coll2-1, which is obtained from triple helical structure of collagen type 2, and its nitrated form Coll2-1NO2, increases in patients with OA [18, 19] .
Another new biomarker of cartilage damage is Fibulin-3, which in turn is derived from extracellular matrix proteins [20, 21] . These biomarkers are correlated with the severity of OA, but in our study, urinary levels of Coll2-1, Coll2-1NO2 and Fibulin-3 were not reduced in any of the studied groups. In the study of Scarpellini et al. [14] the clinical improvement in OA was associated to a decrease of the urinary levels of C-terminal cross-linked telopeptide type 2 collagen (CTX-2), indicating a slowing down of cartilage catabolism. The differences between studies could be explained by the nature of the biomarkers used, by differences on the time of follow up or by the combination with glucosamine + chondroitin which has been shown to prevent cartilage lost and decrease joint space narrowing in some studies [22, 23] .
To our knowledge, this is the first study evaluating the effects of native type II collagen on cartilage degradationrelated mediators as well as on quality of life when used concomitantly with acetaminophen. Limitations of the present study are small sample size and a short follow-up time. Chondroprotective and disease-modifying treatment modalities are still under investigation, despite considerable improvements have been achieved in the treatment of OA.
Many new agents are being tested in pre-clinical trials but the results of the clinical studies are yet inadequate to draw a clear conclusion. Consequently, none of the disease-modifying drugs has been approved by FDA for the treatment of OA.
Native type II collagen is a new treatment and thought to be a potential option to prevent joint destruction, pain and loss of function by a mechanism of oral tolerance that avoids T-cells attack to collagen fibres in joints.
The results of the present trial do not show evidence that native type II collagen reduce cartilage destruction; however, it has been demonstrated that native type II collagen is effective in the symptomatic treatment of patients with knee osteoarthritis when used concomitantly with acetaminophen.
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